Precise control over the oxygen conditions within the Boyden chamber using a microfabricated insert.
Cell migration is a hallmark of cancer cell metastasis and is highly correlated with hypoxia in tumors. The Boyden chamber is a porous membrane-based migration platform that has seen a great deal of use for both in vitro migration and invasion assays due to its adaptability to common culture vessels and relative ease of use. The hypoxic chamber is a current tool that can be implemented to investigate the cellular response to oxygen paradigms. Unfortunately, this method lacks the spatial and temporal precision to accurately model a number of physiological phenomena. In this article, we present a newly developed microfabricated polydimethylsiloxane (PDMS) device that easily adapts to the Boyden chamber, and provides more control over the oxygenation conditions exposed to cells. The device equilibrates to 1% oxygen in about 20 min, thus demonstrating the capabilities of a system for researchers to establish both short-term continuous and intermittent hypoxia regimes. A Parylene-C thin-film coating was used to prevent ambient air penetration through the bulk PDMS and was found to yield improved equilibration times and end-point concentrations. MDA-MD-231 cells, an invasive breast cancer line, were used as a model cell type to demonstrate the effect of oxygen concentration on cell migration through the Boyden chamber porous membrane. Continuous hypoxia downregulated migration of cells relative to the normoxic control, as did an intermittent hypoxia regime (IH) cycling between 0% and 21% oxygen (0-21% IH). However, cells exposed to 5-21% IH exhibited increased migration compared to the other conditions, as well as relative to the normoxic control. The results presented here show the device can be utilized for experiments implementing the Boyden chamber for in vitro hypoxic studies, allowing experiments to be conducted faster and with more precision than currently possible.